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Volume changes in aortic true and false lumen
after the “PETTICOAT” procedure for type B
aortic dissection
Germano Melissano, MD,a Luca Bertoglio, MD,a Enrico Rinaldi, MD,a Efrem Civilini, MD,a
Yamume Tshomba, MD,a Andrea Kahlberg, MD,a Eustachio Agricola, MD,b and
Roberto Chiesa, MD,a Milan, Italy
Background: The PETTICOAT (Provisional ExTension to Induce COmplete ATtachment) technique may be employed
during endovascular treatment of type B aortic dissection (TBD) using self-expandable bare stents distal to the covered
stent graft placed over the proximal entry tear. The aim of this study is to evaluate the volume changes of the true (TL)
and false lumen (FL) on computed tomography (CT) scans.
Methods: Since 2005, 25 selected patients received endovascular treatment for complicated TBD with the PETTICOAT
technique employing the Zenith Dissection Endovascular System (William Cook Europe, Bjaerverskov, Denmark).
Indications to the use of the PETTICOAT technique were the evidence of clinical manifest dynamic malperfusion in five
cases (20%) and/or radiologic evidence of TL collapse in 20 cases (80%). Five patients were treated within 2 weeks from
onset, 13 patients between 2 weeks and 3 months, and seven patients over 3 months after the initial acute event. The
volumetric analysis of the changes of TL and FL obtained from CT scan performed before endovascular treatment of
TBD, postoperatively and yearly thereafter were analyzed using the OsiriX software v 3.9 (Pixmeo sarl, Bernex,
Switzerland).
Results: Initial clinical (30 days) and midterm clinical success was observed in 21 cases (84%) and in 23 cases (92%),
respectively. The volumes of the aortic TL and FL were evaluated at 30 days and midterm follow-up (mean, 38  17
months). The following TL volumes were recorded: baseline 84  29 cm3, postoperative 167  31 cm3 (98%), 1 year
193  46 cm3 (131%), and 2 years 216  54 cm3 (140%). The following FL volumes were recorded: baseline 332 
86 cm3, postoperative 286  85 cm3 (14%), 1 year 233  81 cm3 (30%), and 2 years 248  112 cm3 (32%).
Progressive remodeling of the TL was recorded over time in both thoracic and abdominal segments with shrinkage of the
FL mainly in the thoracic segment.
Conclusions: These data provide insight into potential therapeutic benefit of the PETTICOAT technique. A significant
immediate increase in TL could be achieved with resolution of all cases of dynamic malperfusion and TL collapse. A
different behavior of volumes in the thoracic and abdominal segments was observed. (J Vasc Surg 2012;55:641-51.)
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BEndovascular treatment of type B aortic dissection
(TBD) with stent grafts is performed, in most cases, em-
ploying, in an “off-label” fashion, devices initially designed,
produced, tested, and commercialized for the treatment of
aneurysms. While a satisfactory result may be obtained in
many cases, nonetheless, the lack of “disease-specific” de-
vices has several unfavorable consequences such as retro-
grade dissection, device-induced new-entry tear or dissec-
tion, stent graft infolding, or collapse.1-4
Closure of the primary entry tear is performed with
standard stent grafts. The goal is to redirect blood flow into
the true lumen (TL) and depressurize the false lumen (FL).
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doi:10.1016/j.jvs.2011.10.025hrombosis of the FL, shrinkage, and remodeling are also
esirable but not always assured.5,6 Actually, in spite of
uccessful deployment of the standard stent graft over the
roximal entry tear, the TL distal to the stent graft may fail
o dilate satisfactorily.7-9 It is possible to address this prob-
em by deploying specifically designed bare stents distally to
tandard stent grafts.10,11 In 2003, Ito et al12 reported a
ase of TBD with malperfusion successfully treated with
nly implantation of Gianturco Z-stents in the distal tho-
acic and abdominal aorta. These stents may be positioned
ver the origin of the splanchnic and renal vessels.13 Nien-
ber and coworkers have also reported this concept describ-
ng it with the acronym PETTICOAT (Provisional ExTen-
ion To Induce COmplete ATtachment).14 The possible
enefits of PETTICOAT include relief of persisting malp-
rfusion, stabilization of the intimal lamella that may pro-
ote FL thrombosis, and eventually a favorable aortic
emodeling.10,11,14
The PETTICOAT technique has been used selec-
ively at our institution since June 2005 with the Zenith
issection Endovascular System (William Cook Europe,
jaerverskov, Denmark). The aim of this study is to evalu-
te the evolution over time of the TL and FL by means of
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March 2012642 Melissano et alvolume measurements performed on multidetector com-
puted tomography (CT) scans.
METHODS
Patient population. Between 2005 and 2011, 25 se-
lected nonconsecutive patients (mean age, 56  12 years;
22 males) received endovascular treatment for TBD with
the PETTICOAT technique. Details of all patients were
retrieved from our institution’s prospectively maintained
database of endovascular thoracic aortic procedures. De-
mographic details and preoperative risk factors of this co-
hort are described in Table I. Five patients were treated
within 2 weeks from onset (acute onset), 13 patients be-
tween 2 weeks and 3 months (subacute onset), and seven
patients over 3 months after the initial acute event (chronic
onset).
Clinical indication to endovascular treatment of TBD
included: persistent refractory pain in 5 cases (20%), resis-
tant hypertension in 17 cases (68%), periaortic effusion/
hematoma in two cases (8%), branch vessel compromise or
obstruction in six cases (24%), transaortic growth10 mm
within 3 months in three cases (12%), and transaortic
diameter40 mm in 11 cases (44%). The indications to the
use of the PETTICOAT technique were the evidence of
clinical manifest dynamic malperfusion in five cases (20%)
and/or radiologically evidence of TL collapse in 20 cases
(80%). Renal dynamic malperfusion was recorded in five
cases (20%), small bowel ischemia dynamic malperfusion
(based on preoperative laparoscopy) was recorded in two
cases (8%), and limb dynamic malperfusion in four cases
(16%).
Device description. The Zenith Dissection Endovas-
cular System (William Cook Europe) is a modular system
specifically designed to treat aortic dissection that consists
of a proximal component, the Zenith TX2-P TAA endo-
vascular graft, and a distal component, the Zenith dissec-
tion endovascular stent (Fig 1).
The proximal component is a one-piece (cylindrical or
tapered) endovascular stent graft that is intended to close
the primary entry tear. The Zenith Dissection System em-
ploys the Zenith TX2-P stent graft as the proximal covered
device.15 It is fully covered with polyester fabric, and it
contains protruding barbs at a 2-mm stagger at its proximal
end and an internal sealing stent without barbs at its distal
end. No proximal or distal bare stent are present (since
2010, the original TX2 device has been replaced by the
TX2 Pro-Form, in which the delivery system and deploy-
ment sequence, not the device itself, were modified to
improve conformability, especially in curved and angulated
aortic segments).16 Covered stent grafts were available in
lengths from 115 to 216 mm with diameters ranging
between 22 and 42 mm. Off-the-shelf tapered grafts are 4
mm smaller at the distal end. The stent graft introducer
profile is 20 or 22F depending on the size of the stent graft.
The Zenith TX2-P TAA endovascular graft has the Euro-
pean mark (CE) and Food and Drug Administration (FDA)
approval in the United States for thoracic aortic aneurysms. aThe distal component, the Zenith dissection stent
TXD), is a one-piece cylindrical device made from self-
xpanding stainless steel Cook-Z stent segments sewn to-
ether with a circumferential suture. It is provided in a
ingle diameter size (46 mm) that may be used in transaor-
ic diameter of 24 to 38 mm due to the low radial force and
n three different lengths (82, 123, and 164 mm). Detailed
escriptions of these devices have been provided in previ-
us papers10,11 The introducer profile of the TXD is 16F
nd can be deployed through the sheath of previously
eployed TX2 stent graft. The TXD was supplied as a
ustom-made device from 2005 to July 2010 when it
btained the CE mark.
Diagnostic work-up and procedure. The diagnosis
f dissection, the feasibility, and sizing of the endovascular
rocedure were established on the basis of multidetector
T scan, and diagnostic angiography was performed only
t the time of the procedure.
Anatomic endovascular inclusion criteria were:
● Primary entry tear 20 mm below the innominate
artery and 20 mm above celiac trunk.
● Proximal landing zone diameter for stent graft, mea-
sured from outer wall to outer wall on a sectional
image or multiplanar reconstruction 24 mm and
40 mm, respectively.
● Distal landing zone diameter for stent graft, measured
outer wall to outer wall on a sectional image or multi-
planar reconstruction 24 mm estimate based on
transaortic diameter or 40 mm estimated based on
TL diameter.
● Any segment of vessel into which deployment of bare
stent device is intended measuring 24 mm estimate
based on transaortic diameter or 38 mm estimated
based on TL diameter.
All procedures were performed in the operating room
nder general anesthesia with transesophageal echography
TEE) monitoring. Preoperative cerebrospinal fluid drain-
ge was used in five selected patients (20%). Supra-aortic
ebranching procedures were performed before the stent
raft deployment and in the same procedure to obtain an
dequate proximal landing zone in 19 cases (73%). Accord-
ng to Ishimaru’s proximal landing zone (PLZ) classifica-
ion,17 two patients with zone 1 PLZ underwent a right-
o-left common carotid artery bypass plus left common
arotid artery-to-subclavian artery bypass and 17 patients
ith zone 2 PLZ underwent a left common carotid artery
o subclavian artery bypass (15 cases) or subclavian trans-
osition (two cases). In cases of carotid-to-subclavian by-
ass, the origin of the left subclavian artery was occluded
hen appropriate with an Amplatzer Plug (AVP I or II;
GA Medical, Plymouth, Minn) either during the same
rocedure or at a latter stage.
The common femoral artery, exposed with a limited
2-4 cm long) inguinal cutdown, was used as the remote
ccess vessel in all cases. An initial aortography to assess
atency of visceral vessels and their origin from the TL
nd FL was performed. A superstiff Lunderquist pre-
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Volume 55, Number 3 Melissano et al 643curved guidewire (Cook, Inc., Bloomington, Ind) was
placed over a pigtail catheter navigated in the TL, under
both fluoroscopic and TEE guidance, to ensure correct
Table I. Demographics, characteristics, and preoperative r
PETTICOAT technique
Risk factors
Male
Age (years)
Hypertension
0 (diastolic 90 mm Hg)
1 (easily controlled, single drugs)
2 (requires two drugs)
3 (two drugs or uncontrolled)
Diabetes
0 (none)
1 (adult onset, diet controlled)
2 (adult onset, oral medication controlled)
3 (adult onset, insulin controlled)
4 (juvenile onset)
Smoking
0 (none; abstinence 10 years)
1 (none; abstinence 1-10 years)
2 (1 pack/day or abstinence 1 year)
3 (current 1  pack/day)
Hyperlipemia
0 (within normal limits for age)
1 (mild elevation, diet controlled)
2 (types II and III, or IV, strict diet control)
3 (requires drug control)
Cardiac statusa
0
1
2
3
Pulmonary statusa,b
0
1
2
3
ASA score
1
2
3
4
5
Renal statusc
0
1
2
3
Carotid disease
0 (no symptoms, no bruit, no evidence of disease
1 (asymptomatic, but with evidence of disease)
2 (transient or temporary stroke)
3 (completed stroke with permanent neurologic)
PETTICOAT, Provisional ExTension to Induce COmplete ATtachment; P
aCardiac status: 0  asymptomatic, normal ECG; 1  asymptomatic, remot
ECG; 2  stable angina, controlled ectopy or symptomatic arrhythmia, dru
bPulmonary status: 0  asymptomatic, normal chest X-ray, PFT 20% of pre
changes, PFT 65% to 80% of predicted; 2 between 1 and 3; 3 vital capac
or 50% of predicted, PCO 45 mm Hg, supplemental oxygen use necess
cRenal status: 0no known renal disease, serum creatinine1.5 mg/dL, creatinine
2 creatinine 3.0 to 6.0 mg/dL, clearance 15 to 30 mL/min; 3 creatinine 6positioning of the stiff wire in the TL. The proximal stent mraft was carefully advanced over the stiff wire and
eployed in the intended position. Aortography and
EE were then performed to ensure coverage of proxi-
ctors of the 25 cases of TBD treated with the
N (%)
22 (88%)
56  12
2 (8%)
4 (16%)
5 (20%)
14 (56%)
22 (88%)
2 (8%)
1 (4%)
0 (0%)
0 (0%)
12 (48%)
6 (24%)
3 (12%)
4 (16%)
17 (68%)
4 (16%)
2 (8%)
2 (8%)
23 (92%)
2 (8%)
0 (0%)
0 (0%)
18 (72%)
7 (28%)
0 (0%)
0 (0%)
0
8 (32%)
13 (52%)
4 (16%)
0
19 (76%)
5 (20%)
0 (0%)
1 (4%)
20 (80%)
3 (12%)
2 (8%)
0 (0%)
lmonary function test; TBD, type B aortic dissection.
cardial infarction by history 6 months or occult myocardial infarction by
pensated congestive heart failure.
; 1  asymptomatic or mild dyspnea on exertion, mild X-ray parenchymal
.85 L, FEV35% of predicted, maximal voluntary ventilation28 L/min
pulmonary hypertension.
nce50 mL/min; 1 creatinine 1.5 to 3.0 mg/dL, clearance 30 to 50 mL/min;
/dL, clearance15 mL/min or on dialysis or with transplant.isk fa
)
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March 2012644 Melissano et alcovered stent graft was evaluated intraoperatively based
on TEE criteria.
One or more bare stent devices were deployed with the
proximal end of the first one landing within the covered
stent graft; when more than one bare stent device was used,
the proximal end of the additional ones were overlapped
to the distal end of the previously deployed one. Ballooning
of the bare stent device was never performed. Patency of the
splanchnic and renal vessels was always checked angio-
graphically after deployment of all the devices, and in case
of persistent malperfusion of aortic branches, regular self-
expandable stents were deployed to ensure perfusion of the
vessel.13
In each patient, contrast-enhanced helical CT covering
the entire aorta, including the proximal supra-aortic vessels
down to the groin, was performed on a 16- or 64-row
(since 2007) multidetector scanner. Scans were obtained
using 120 to 160 mL of a nonionic contrast agent contin-
uously injected into the right antecubital vein at an infusion
rate of 4 mL/s. To ensure maximum contrast intensity in
the aorta, the region of interest (ROI) (threshold of 150
Hounsfield units) to trigger the beginning of the scan was
Fig 1. The Zenith Dissection Endovascular System (W
system specifically designed to treat aortic dissection tha
Endovascular Graft and a distal component, the Zenith D
and postoperative computed tomography (CT) scan of ac
CT shows a typical case of type B dissection with collapse
(note the absence of contrast enhancement of the right
lumen). Postoperative CT shows exclusion of the thoraci
the thoracic and abdominal segment with restoration of p
in this case to perfuse the left renal artery from the re-explaced in the ascending aorta. A second late arterial phase ecan was performed, after a delay of 180 to 300 seconds
rom the end of the contrast scan, covering the same area.
T scans were performed before endovascular treatment of
BD, postoperatively before the discharge and yearly
hereafter.
The data obtained from CT scans were transferred to an
pple MacPro Quad 2.8 Ghz (Apple Corp, Cupertino,
alif) using digital imaging and communications in medi-
ine (DICOM) data sets. The CT scans were stored and
nalyzed using the OsiriX software vs 3.9 (Pixmeo SARL,
ernex, Switzerland).
The evolution of the TBD was evaluated by standard-
iameter measurements and volume analysis. To avoid
verestimation of the aortic diameter due to tortuosity,
iametric measurements were obtained using vessels anal-
sis (curved 3D MPR) perpendicular to the aortic axis.
Volumes were analyzed for the entire descending tho-
acic and abdominal aorta from the origin of the innomi-
ate artery to the aortic bifurcation. The level of the celiac
runk divided the aorta into the thoracic and abdominal
egment. The areas of interest, needed to calculate vol-
mes, were drawn on CT scan manually (one selection
Cook Europe, Bjaerverskov, Denmark) is a modular
sists of a proximal component, the Zenith TX2-P TAA
tion Endovascular stent. The figure shows preoperative
ype B dissection treated with these devices. Preoperative
e true lumen (yellow arrow head) and renal malperfusion
l artery and perfusion of the left kidney from the false
lumen and complete re-expansion of the true lumen in
ion of the right kidney (left renal stenting was performed
d true lumen).illiam
t con
issec
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Volume 55, Number 3 Melissano et al 645generating missing areas for every slice. Additionally, the
software allowed to perform automated segmentation (de-
termining boundaries around a class of similar voxel inten-
sity), which was used when appropriate and manually ad-
justed if necessary. The TL and FL volumes were calculated
separately for each aortic segment (thoracic and abdomi-
nal), and the overall volumes were calculated using the
summation technique (Figs 2 and 3). Volumes computed
by the software were expressed in cm3. In the volume
change analyses, the first volumetric result was always de-
fined to be 0%; all following measurements were expressed
in percentages referenced to 0%. For all patients, a TL ratio
was calculated as the ratio of TL volume to total volume. In
addition to volume changes, we also documented the num-
ber of patients who showed volume changes (increase or
Fig 2. In each patient, we performed volumetric analys
covering the entire aorta starting from the innominate art
(TL, green) and false lumen (FL, red) were performed and
the thoracic segment from the abdominal portion of theshrinkage) with a cutoff of 10% for volume measures.17 (Reported results and statistical analysis. Reported
esults are in accordance with the current reporting stan-
ards for endovascular aortic repair prepared and revised
y the Ad Hoc Committee for Standardized Reporting
ractices in Vascular Surgery (Society for Vascular Surgery
nd the American Association for Vascular Surgery).17
ata are shown as number (%) for categorical variables. For
ontinuous variables, they are shown as mean first quartile
nd third quartile (r. Q1-Q3) and median as they did not
how a Gaussian distribution.
ESULTS
The PLZ17 was in zone 3 (distal to the left subclavian
rtery) in six cases (24%), in zone 2 (between the left
ommon carotid and left subclavian arteries) in 17 cases
contrast-enhanced helical computed tomography (CT)
the aortic bifurcation. Segmentations of the true lumen
mes were calculated separately. The celiac trunk divided
.is of
ery to
volu68%), and in zone 1 (between innominate and left com-
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March 2012646 Melissano et almon carotid arteries) in two cases (8%). Mean maximum
thoracic diameter was 43 mm (r. 25-59 mm) and mean
maximum abdominal diameter was 31 mm (r. 18-34 mm).
The median diameter of the landing zone was proxi-
mally 31.8 mm (r. 26-37 mm) and distally 10 mm (r. 5-14
mm) estimated based on TL diameter. The FL was fully
patent in 18 cases and partially thrombosed in seven cases
(28%). Only one proximal stent graft (tapered in 14 cases)
was deployed in 18 cases (72%) and more than one covered
components were employed in the other cases (one proxi-
mal standard TX2-P to seal intraoperative proximal en-
Fig 3. True lumen (TL, green) and false lumen (FL, red
aortic bifurcation for all follow-up computed tomograph
This example demonstrated the behavior over the time of
PETTICOAT technique.doleak and eight distal stent grafts to seal additional signif- ocant distal entry tears based on TEE guidance) with a
ean stent graft aortic coverage of 186  41 mm. The
ean proximal oversize was of 9% (range, 4%-22%). The
ean diameter of vessel into which the deployment of the
are stent was performed was 8 mm (r. 4-11 mm) estimated
n TL diameter. We deployed one distal bare stent in 18
ases (72%) and more than one bare stent in the other cases
ith a mean bare stent coverage of 149 32 mm. Mainly,
he perfusion of aortic branches was from the TL; how-
ver, in one case (4%), the celiac trunk originated from
he FL and in five cases (20%), the right renal artery
re selected separately from the innominate artery to the
) scans and compared with preoperative examinations.
a in the different aortic segment after treatment with the) we
y (CT
luminriginated from the FL. We performed adjunctive endo-
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Volume 55, Number 3 Melissano et al 647vascular and surgical procedures in six cases (24%): three
renal artery stenting, one external iliac artery stenting,
one proximal molding ballooning in the nondissected
proximal neck area, and one brachial artery thrombec-
tomy. The preoperatively dynamic malperfused aortic
branches improved in all cases after the deployment of
the Zenith Dissection Endovascular System. The use of
adjunctive endovascular procedures solved also four
cases of associated static malperfusion with an overall
treatment improvement of preoperative malperfusion of
81% (17 of 21 cases). No occlusion of visceral or renal
arteries was recorded.
Transesophageal echocardiography evaluation per-
formed at 10 to 15 minutes after the deployment of
all components showed a complete spontaneous echo-
contrast effect in the stent graft segment in 20 patients
(80%). No intraoperative occlusion of visceral or renal
arteries was recorded.
No 30-day mortality was recorded in this series. Initial
clinical success was observed in 21 cases (84%). Four cases
of type IA endoleak (ie, persistent proximal FL perfusion)
were observed at predischarge CT scan. Two type IA
Fig 4. Postoperative computed tomography (CT) scan a
single case, we observed the rupture of the dissection lam
was deployed. There were no clinical consequences in thendoleaks were clearly related to a bird’s beak effect of the troximal stent graft. In one patient, left subclavian artery
ercutaneous occlusion was performed as a postoperative
within 30 days) adjunctive procedure to correct reperfu-
ion of FL.10 In two patients, we observed an FL reperfu-
ion from intercostal arteries. The mean in-hospital stay was
.9  1.2 days. Periprocedural morbidity (30-day) in-
luded five cases (20%) of serum creatinine increase 20%
s the preprocedure values and one case of postimplanta-
ion syndrome (the patient complained fever, leukocytosis,
nd increased biochemical inflammatory markers without
vidence of sepsis or infection that resolved after cortico-
teroids administration on postoperative day 24). No cases
f stroke were recorded. One case of paraparesis was ob-
erved (3.9%). We did not register any case of retrograde
issection. At postoperative CT scan, we observed in only
ne case that the Zenith dissection stent focally ruptured
he dissecting lamella (Fig 4), and in four cases, a stent body
isalignment of Cook Zenith dissection stent. The mis-
lignment was a lack of complete adherence of the bare
tent to the aortic wall. In one case, the misalignment was
bserved in the descending thoracic aorta, in the other
eployment of the Zenith Dissection system. In only this
the distal part of the thoracic aorta where the bare stent
e.fter d
ella athree cases, it was observed in the last stent deployed in the
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March 2012648 Melissano et alabdominal aorta. These CT scan observations were without
any clinical consequences.
At a mean follow-up of 38  17 months, we observed
a midterm clinical success rate of 92% (23 cases): spontane-
ous sealing of postoperative type IA endoleak in two cases,
and perioperative type IA endoleaks have been followed in
two other cases without further interventions. In two cases,
we observed a distal migration of the stent graft; in one
case, it was associated with proximal reperfusion of FL that
necessitated the deployment of a proximal stent graft to
correct the endoleak. Two patients died from unrelated
causes. No late retrograde dissection was observed and no
occlusion of visceral or renal arteries was recorded. No
adverse events were recorded in cases with stent body
misalignment of the Cook Zenith dissection stent. None of
the patient developed a significant aortic enlargement (5
mm) from baseline of the thoracic and/or abdominal aorta.
The analysis of volumes behavior demonstrated differ-
ent results in the postoperative and follow-up periods, and
the results are summarized in Tables II and III.
In the immediate postoperative period, total aortic
volume increased in nine cases (36%) and remained un-
Table II. Mean volume (cm3) and rate of variation (%) of
PETTICOAT technique
Pre-op
(25 cases) Post-
TL 84  29 167 
TL thorax 60  23 128 
TL abdomen 23  9 38 
TL/overall aorta 0.20  0.04 0.38 
TL thorax/aorta thorax 0.19  0.05 0.38 
TL abdomen/aorta abdomen 0.24  0.08 0.38 
FL 332  86 286 
FL thorax 248  71 216 
FL abdomen 80  33 70 
Overall aorta 416  105 453 
Aorta thorax 308  84 345 
Aorta abdomen 103  39 108 
FL, False lumen; PETTICOAT, Provisional ExTension to Induce COmplet
Table III. Number of cases with significant variation of vo
PETTICOAT technique
Post-op (25 cases)
10% 10% 10% 10%
TL 0 2 (8%) 23 (92%) 0
TL thorax 0 2 (8%) 23 (92%) 0
TL abdomen 0 4 (16%) 21 (84%) 1 (5%
FL 17 (68%) 8 (32%) 0 15 (71
FL thorax 16 (64%) 8 (32%) 1 (4%) 18 (86
FL abdomen 14 (56%) 10 (40%) 1 (4%) 8 (38
Overall aorta 0 16 (64%) 9 (36%) 3 (14
Aorta thorax 0 13 (52%) 12 (48%) 4 (19
Aorta abdomen 2 (8%) 20 (80%) 3 (12%) 2 (10
FL, False lumen; PETTICOAT, Provisional ExTension to Induce COmpletchanged in 16 cases (64%) with an overall mean increase of p9%. The total TL increased in 23 cases (92%) with an
verall mean increase of 98%. The total FL decreased in
7 cases (68%) with an overall mean decrease of 14%.
At 1-year follow-up (21 patients with adequate CT
can), total aortic volume remained unchanged or shrunk
n 18 cases (85.7%) and increased in three cases with an
verall mean increase of 2%. All cases of total aortic
olume increase had an untreated type I endoleak. The
otal TL increased in 21 cases (100%) with an overall mean
ncrease of 131%. The total FL decreased in 15 cases
71%) with an overall mean decrease of 30%.
At 2-year follow-up (17 patients with adequate CT
can), total aortic volume remained unchanged or shrunk
n 13 cases (76.5%) with an overall mean increase of 3%.
wo cases of total aortic volume increase have an untreated
ype I endoleak and two cases had a previous history of type
endoleak. The total TL increased in 17 cases (100%) with
n overall mean increase of140%. The total FL decreased
n 11 cases (65%) with an overall mean decrease of 32%.
ISCUSSION
The primary technical goal of the endovascular ap-
mes of different lumina and aortic segments after
cases) 1 year (21 cases) 2 years (17 cases)
98%) 193  46 (131%) 216  54 (140%)
115%) 158  44 (161%) 180  52 (171%)
63%) 36  11 (60%) 36  9 (60%)
0.46  0.08 0.48  0.10
0.50  0.10 0.54  0.12
0.38  0.15 0.34  0.10
14%) 233  81 (30%) 248  112 (32%)
13%) 166  75 (35%) 171  99 (38%)
12%) 66  32 (9%) 77  30 (5%)
9%) 426  98 (2%) 464  127 (3%)
12%) 324  90 (3%) 351  112 (3%)
5%) 102  36 (7%) 113  34 (10%)
achment; TL, true lumen.
es of different lumina and aortic segments after
year (21 cases) 2 years (17 cases)
10% 10% 10% 10% 10%
0 21 (100%) 0 0 17 (100%)
0 21 (100%) 0 0 17 (100%)
3 (14%) 17 (81%) 1 (6%) 8 (47%) 8 (47%)
2 (10%) 4 (19%) 11 (65%) 5 (29%) 1 (6%)
1 (5%) 2 (10%) 11 (65%) 5 (29%) 1 (6%)
10 (48%) 3 (14%) 4 (24%) 10 (59%) 3 (18%)
15 (71%) 3 (14%) 3 (18%) 10 (59%) 4 (24%)
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Volume 55, Number 3 Melissano et al 649possibly also additional tears in the thoracic aorta. This will
redirect blood flow preferentially in the TL often inducing
thrombosis in the FL (at least in the area of the proximal
descending thoracic aorta). Consequently, the TL will tend
to expand and the FL to reduce, with remodeling of the
aorta that may lead in some cases to partial or complete
healing of the aorta. Stabilization over time may also be a
desirable outcome, while on-going proximal perfusion of
the FL, which may undergo continuous growth, is clearly
an unsatisfactory result that may warrant further endovas-
cular or open procedures. The previously described ap-
proach does not address additional problems, which may be
encountered distally to the location of the covered stent
graft, namely the shrinkage/collapse of the TL (with or
without clinically significant organs/limb malperfusion)
which, in some cases, is not resolved or completely resolved
after deployment of one or more stent grafts in the de-
scending aorta. Moreover, the intimal lamella undergoes
Fig 5. Transesophageal echocardiography shows the fl
aortic dissection during cardiac cycle (A, systole and B
motion of the lamella promoting false lumen (FL) thro
diastole).continuous movements with each systole and diastole tFig 5). This keeps the blood in motion in the FL contrib-
ting in preventing thrombosis at this level.
Recent papers have evaluated, with CT volumetric
nalysis, the evolution of TL and FL after standard stent
raft repair of aortic dissection.7-9 Different authors
tated that using diameter measurements is not sensitive
nd adequate to evaluate the behavior of aortic dissec-
ion due to the long extent of the aortic pathology.18 On
he other hand, volumetric measurements permit to
ssess morphologic changes induced by endovascular
reatment providing valuable insight of aortic remodel-
ng and have already been validated in other studies with
ntra- and interobserver variability of 5% to 10%.17 More-
ver, these volume measurements overcome some of the
imitations of diameter measurements, which may be
erformed only at a few discrete locations, with limita-
ion on sickle-shaped TL and with difficult replication of
he exact location of different measurements in CT scans
g movement of the dissecting lamella in case of acute
tole). Bare stenting of the true lumen (TL) avoids the
sis (note visualization of a secondary entry tear duringappin
, dias
mboaken at different times.
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ing and, therefore, difficult to obtain in a clinical setting,
and this may be the reason why most centers and clinical
trials prefer diameter measurements. Evolution of postpro-
cessing software that allows semiautomated measurements
in a rather straightforward and time-efficient fashion may,
in the future, allow a more widespread use of this outcome
parameter.
Steingruber et al7,8 demonstrated that standard stent
graft endovascular repair of TBD could be useful to achieve
stabilization of the aorta, in the stented segment, even
during the midterm follow-up, with a TL volume increase,
up to 124% at 1 year and 191% at 2 years, and nearly stable
FL volume. The segment from the distal end of the stent
graft to celiac artery, however, showed unstable TL and FL
volumes, and the abdominal segment showed no signifi-
cant differences before and after the treatment. Moreover,
this author demonstrated that the length of stent graft
coverage influences the FL changes distal to the stent graft:
increase in FL volume was more pronounced in the patients
with stent graft coverage 200 mm.
Huptas et al9 showed a significant immediate increase
of TL thoracic volume after standard stent graft treatment
of TBD; however, the gain in TL volume was predomi-
nantly related to increase in the thoracic aortic TL, with
minimal enlargement of the abdominal TL. Similar to TL
changes, shrinkage of the FL was limited to the thoracic
aorta.
Previous studies employing only diameter measure-
ments19,20 confirmed that early aortic remodeling after
standard stent graft endovascular treatment of TBD could
be achieved with a significant reduction in FL diameter over
time and an increase in TL noted only along the proximal
one-third of the thoracic aorta. Additional previous stud-
ies10,11,14 have evaluated the clinical outcome of patients
treated with the PETTICOAT technique and also the
evolution of the lumina in the dissected aorta; however, to
our knowledge, this is the first study that addresses this
aspect in terms of volumes.
This study shows that by employing the PETTICOAT
technique in the early postoperative period, it is possible to
achieve a significant increase (98%) of TL volume in both
the thoracic (115%) and abdominal segments (63%)
with resolution of distal dynamic malperfusion and TL
collapse with an increase of the ratio between the TL and
the overall aortic volume (from 0.20 to 0.38). The overall
aortic volume in the early postoperative period increased by
a mean of 9%. However, at midterm follow-up (1 and 2
years), the overall aortic volume tends to decrease to pre-
operative values with unchanged volumes. This peculiar
behavior has already been demonstrated by different au-
thors9,19 who speculated that it could be related to aortic
swelling due to inflammatory reactions caused by mechan-
ical trauma during stent graft implantation and induction of
FL thrombosis. Midterm results demonstrated a continu-
ous aortic remodeling with progressive increase of TL
(131% at 1-year and 140% at 2-year follow-up) espe-
cially in the thoracic segment with a ratio between the TL ind overall aortic volume of 0.48 at 2 years (0.54 in the
horacic segment). Moreover, shrinkage of the FL over
ime mainly in the thoracic segment (35% at 1 year and
38% at 2 year) was also recorded. The abdominal seg-
ent, after initial TL expansion, failed to progressively
emodel with stable TL volume and tendency to enlarge-
ent of the overall abdominal aortic volume due to ab-
ominal FL expansion. Our results confirm that the PET-
ICOAT could be beneficial to improve aortic remodeling
f both TL and FL and in thoracic and abdominal segment.
L expansion could be achieved in the whole aorta (tho-
acic and abdominal segment), and shrinkage of thoracic
L has been achieved not only in the stent graft-covered
orta but also in the segments covered with bare stent.
otably, these results have been achieved with a mean stent
raft-covered aorta of 186 mm. Despite that fact the ab-
ominal FL fails to shrink at the 2-year follow-up, the
tabilization of this segment seems to be achieved with
ETTICOAT approach, however, longer follow-up is
eeded.
In our series we recorded four cases of stent body
isalignment of the Zenith dissection stent in the thoracic
nd abdominal aorta. None was associated to clinically
elevant consequences. To our knowledge, this peculiar
ehavior has not yet been reported in the literature. The
anufacturer has already modified the device to solve this
ssue and future releases of the device will have a modified
uture between the Z-stents to prevent it. The bare stent
egments are sewn together with a circumferential suture in
he old design with a peak-to-valley configuration. The
odified device will have new sutures between peaks of the
rst and second stent of the proximal and distal end with a
eak-to-peak configuration.
While this is a retrospective study, the patients’ data
ere collected in a prospective fashion and stored on a
omputerized database. Regrettably, the small number of
ases analyzed prevented us from performing a stratification
f the results according to the number of devices used, to
he timing of the procedure in relation with the onset of the
cute symptoms (which would have been particularly inter-
sting) and to the clinical presentation; this may be consid-
red a limitation of this study. Moreover, the criteria of
election of the patients to receive the bare stents in addi-
ion to the covered stent grafts were not fully standardized;
n some cases they were based on the presence of clinically
ignificant malperfusion, while in some cases they were
ased on the observation at preoperative CT scan or intra-
perative aortography.
Comparative studies would be needed to demonstrate
he potential advantages of the PETTICOAT technique
gainst standard simple stent graft coverage of the proximal
ntry tear in aortic remodeling after endovascular treatment
f aortic TBD.
ONCLUSIONS
The PETTICOAT technique demonstrated to be safe
nd feasible with promising midterm results. A significant
mmediate increase in the TL volume could be achieved in
11
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1
1
1
1
1
1
1
2
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postoperative resolution of all cases of dynamic malperfu-
sion and TL collapse. Progressive remodeling of TL was
recorded over time with reduction of the FL volume mainly
in the thoracic segment.
Our data provide insight into the mechanism of poten-
tial therapeutic benefit of the PETTICOAT technique in
TBD, which remains to be confirmed at long-term and in a
larger cohort of patients.
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